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Histological Analysis of Reproductive Trends of Three Porites Species from
Kane'ohe Bay, Hawai'i1
ELIZABETH G. NEVES2
ABSTRACT: Gonad development and synchrony among Porites compressa, P.
Zobata, and P. evermanni colonies, collected in Kane'ohe Bay during the sum-
mer of 1997, were histologically examined and compared. All three species are
gonochoric broadcast spawners, releasing gametes predominantly around the
time of full moon during the breeding season. Histological sections of fertile
polyps confirmed the maturity of gonads and presence of zooxanthellae sur-
rounding the oocytes and moving into the ooplasm of the mature eggs before
spawning.
IT HAS BEEN DEMONSTRATED that mode and
timing of reproduction, gametogenesis, and
early development are variable among scler-
actinian corals (Connell 1973, Campbell
1974, Szmant-Froelich et al. 1985, Szmant
1986, Babcock et al. 1986, Richmond and
Hunter 1990). Regardless of the mode of re-
production most coral species show a peri-
odicity in larval or gamete release. Tempera"
ture variation, lunar and tidal cycles,
variations in nocturnal illumination, and the
diel light-dark cycle appear to influence the
release of larvae and gametes (Kojis and
Quinn 1981, Jokiel et al. 1985, Hunter 1989).
Variations in reproductive strategies
among Porites species have been described
(Stimson 1978, Kojis and Quinn 1981, Tom-
ascik and Sander 1987, Richmond and
Hunter 1990, Glynn et al. 1994). Porites as-
treoides is a hermaphroditic brooder (Chor-
nesky and Peters 1987); P. murrayensis and
P. panamensis are gonochoric brooders
(Richmond and Hunter 1990, Glynn et al.
1994). Porites Zobata, P. compressa, P. ever-
manni, P. austraZensis, and P. Zutea are gon-
._ QchQric broa4cast spawners (Stimson 1978,
Kojis and Quinn 1981, Szmant 1986, Rich-
mond and Hunter 1990, Glynn et al. 1994).
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Contributing to the knowledge of Porites
species, the most conimon and widespread
genus of hermatypic corals in Hawai'i and in
many other tropical regions (Maragos 1977),
this study provides detailed histological in-
formation on reproductive trends of P. com-
pressa, P. Zobata, and P. evermanni collected
in Kane'ohe Bay (O'ahu, Hawai'i).
MATERIALS AND METHODS
Colonies were collected in Kane'ohe Bay
from shallow reef flats around Coconut
Island, Kekepa, and Ahuolaka at approxi-
mately fortnightly intervals in June and July
1997. Branches of P. compressa and small
fragments of P. Zobata and P. evermanni were
sampled haphazardly at 2 to 5 m depth.
Previous studies suggested that spawning
in Porites species in 1997 in Kane'ohe Bay
would occur in June, July, and August, dur-
ing the full moon and new moon. Therefore,
to assess the gamete developmental stage be-
fore first spawning, samples of each colony
were collected on 18~19 June,.2 days before
full moon. During the full moon, on 20-21
June, two colonies of P. Zobata and one col-
ony each of P. evermanni and P. compressa
were sampled. On 4-6 July, during the new
moon, three colonies of P. Zobata and two
colonies each of P. evermanni and P. com-
pressa were collected. Fragments of three
colonies each of P. evermanni and P. com-
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pressa and two colonies of P. lobata were
collected at the full moon on 19-20 July.
Specimens were fixed in 10% formalin for
24-48 hr and decalcified in a solution of 4%
formic acid and 2% Formalin. Polyps were
dehydrated in ethanol series and cleared in
xylene for routine paraffin embedding. Serial
transversal sections cut from paraplast blocks
at 6.0 to 7.0 ~m were placed on glass slides,
deparaffinized in xylene, rehydrated through
graded ethanols to water, and stained with
Mallory's triple stain. Longitudinal sections
were prepared for colonies of P. evermanni
considered unfertile.
Histological sections of fertile polyps were
examined to determine sexuality, pattern of
gonad arrangement, maturity of gonads be-
fore spawning, and mode of reproduction.
Oocyte and spermary developmental stages
were classified according to the criteria
adopted by Glynn et al. (1994).
RESULTS
Porites compressa
Porites compressa is gonochoric and re-
leases gametes that are fertilized externally.
Lunar periodicity of gamete shedding was
observed when colonies held in shallow out-
door tanks spawned during full moon periods
on 21-24 June and 20-21 July (summer
1997) (Table 1).
Gonads formed between retractor muscles
and septal filaments within complete mesen-
teries. Gametes of various sizes were charac-
terized in stages III and IV. Stained mature
oocyte color varied from dark pink to pur-
plish. Numerous zooxanthellae were ob-
served within ovarian membranes surround-
ing oocytes (stage III) or inside ooplasm
(stage IV}.-Late stage of -egg development
was characterized by the migration of zoo-
xanthellae into the ooplasm and movement
of the nucleus toward the periphery of the cell
(Glynn et al. 1994). Not all oocytes were shed
in June or July during the full moon spawn-
ing events. Oocytes that were unspawned
were generally smaller and appeared to be
less mature. It is likely that they were re-
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absorbed by maternal tissue after a short
period of degeneration. Colorless lipid vesi-
cles imparted a frothy appearance to the
ooplasm. Mature, prespawning oocytes had
zooxanthellae centrally concentrated in the
ooplasm (late stage IV).
Sperm clusters were distinguishable from
oocytes primarily by the absence of germinal
vesicles. Mature spermaries had a lumen, and
spermatozoa were arranged with the pink
transparent tails projecting toward the lumen
and the dark condensed heads located pe-
ripherally. Gonads containing partially and
completely spawned spermaries appeared as
irregular pouches or spaces with a few resid-
ual, mature spermatozoa.
Porites lobata
Mode of reproduction, gonad structure,
and stage of gamete development of P. lobata
were similar to those in P. compressa.
Early spermatogenic cells and immature
testicular cysts were found throughout the
sampling period. The former were charac-
terized as small groups of blue-staining cells
aggregated in the gastrodermis of mesenteries
adjacent to the mesoglea, and the latter were
composed of a peripheral layer of spermato-
gonia and an inner layer containing sperma-
tids. Immature cysts had a centrally located
lumen.
Male and female colonies were observed
releasing gametes in June, during the first
spawning event. As in P. compressa, P. 10-
bata showed increased egg development to-
ward July full moon. However, during the
second spawning event, only female colonies
were observed releasing gametes (Table 1).
Porites evermanni
This study c.onfirmedthaCf.el'et:mJl1t1'li is
a gonochoric species with broadcast spawn-
ing, because the reproductive colonies had
either sperm or eggs, without brooded larvae.
Although gonads were found in four sampled
colonies, three male and one female, no
spawning event was observed during the
summer of 1997. Mature eggs appeared on
complete and incomplete mesenteries. Com-
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TABLE I
NUMBER OF FERTILE COLONIES FoUND ON DIFFERENT
SAMPLING DATES (PARENTHESES REpRESENT TOTAL
NUMBER OF COLONIES COLLECTED IN EACH PERIOD)
Porites Porites Porites
DATE compressa lobata evermanni
18-19 June" 2 (3) I (I) 0(1)
20-21 June' I (I) I (2) o(I)
4-6 July' 2 (2) 2 (3) 2 (2)
19-20 July 2 (3) 2 (2) 2 (3)
"Two days before full moon.
•During full moon.
'During new moon.
plete mesenteries contained at least 10 eggs,
and incomplete mesenteries had less than 3
eggs (Figure 1). Histological analysis of ma-
ture eggs showed the presence of lipid drop-
lets and zooxanthellae. Zooxanthellae were
initially abundant in the gastroderm sur-
rounding the oocytes and were incorporated
into the cytoplasm and became centrally
concentrated later in development (stage IV)
(Figure 2). Resorption of oocytes was in-
ferred through loss of integrity and colorless
aspect, which was verified in stage III and IV
oocytes. Most resorbing oocytes in P. ever-
manni were surrounded by and contained
zooxanthellae.
Most spermaries were immature, without
spermatozoa, and commonly had one or two
holotrichous nematocysts. Unfertile colonies
had brownish, swollen mesenteries with clus-
ters of early reproductive cells.
DISCUSSION
Despite the small sample size, this study
confirmed some important aspects of the re-
productive biology of three species of Por-
itidae from the central Pacific region. Al-
though histology has disadvantages, which
include possible inaccuracies in oocyte size
measurements due to shrinkage of tissues
(Harriott 1983) and underestimating oocyte
FIGURE 1. Porites evermanni. Fertile mesentery with stage III oocytes. Scale bar = 100 Jlffi.
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FIGURE 2. Porites evermanni. Stage IV oocyte (Z, zooxanthellae). Scale bar = 100 IlID.
numbers by failing to section whole gonads during late stage IV when they became cen-
or polyps (Harrison and Wallace 1990), it is trally concentrated in the ooplasm. Accord-
essential for analysis of the stages of gonadal ing to Beneyahu et al. (1992) acquisition of
development and as a means to determine algal symbionts in mature oocytes only could
sexual patterns among corals. indicate a seasonal trend. Studies dealing
This study indicated that P. compressa, P. with timing and mechanisms of acquisition
lobata, and P. evermanni exhibited similar are needed, because the presence of zoo-
patterns of sexual reproduction. All of them xanthellae is considered essential for some
were gonochoric and released gametes for coral planulae to achieve competence (Rich-
external fertilization and development. As mond 1987).
previously recorded by Stimson (1978) and Resorption of stage III and IV oocytes
Hunter (1988), P. compressa and P. lobata was apparent in all three species. Despite
spawned during the full moon in the summer. morphological degeneration, some oocytes
Stage III and IV oocytes were found on were relatively large, with zooxanthellae and
the same mesenteries in all fertile colonies. lipid vesicles in the ooplasm. Previous studies
After_complete_maJuratiO.lLgal]l~t~£se~I11~(L. h(iye.mentioned partial. reproductive failure
to be released into the gastrovascular cavity. by resorption-·ar phagocytosis-·af unspawned
Oocytes had an intact nucleus with a single oocytes (Rinkevich and Loya 1979, Szmant-
nucleolus, indicating that final divisions oc- Froelich et al. 1980, Kojis and Quinn 1981,
curred after spawning and/or fertilization. Harriott 1983, Kojis 1986). Rinkevich and
Although Harrison and Wallace (1990) sug- Loya (1979) suggested that successful oocytes
gested that oocytes of most corals lack algal might absorb nutrients through phagocytosis
symbionts, zooxanthellae were present in of other oocytes. However, to date there is no
mature eggs of all studied species, mainly consistent evidence concerning the mecha-
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nisms of oocyte degeneration. Further studies
are needed to assess the oosorption phenom-
enon by corals as a way to provide successful
oocytes with nutrients as well as to elucidate
the presumed participation of phagocytes.
ACKNOWLEDGMENTS
I thank the staff of the Hawai'i Institute of
Marine Biology, especially David Krupp,
Paul Jokiel, Robert Kinzie, and Cindy
Hunter, for their assistance throughout the
course of this study, and especially Evelyn
Cox for revision of the manuscript, valuable
comments, and immeasurable support. I am
also grateful to Juan Mate and Ann Tarrant
for outstanding help in the field, Rodrigo
Johnsson for encouragement and helpful ad-
vice, and Clovis Castro and Debora Pires
(Museu NacionalfUniversidade Federal do
Rio de Janeiro, Rio de Janeiro) for providing
me with laboratory space and supplies to
finish this paper. This work was conducted at
the Hawai'i Institute of Marine Biology,
Coconut Island, Kane'ohe, during the 1997
Edwin W. Pauley Summer Program, Repro-
duction in Reef Corals.
LITERATURE CITED
BABCOCK, R. c., G. D. BULL, P. L. HARRI-
SON, A. J. HEYWARD, J. K. OLIVER, C. C.
WALLACE, and B. L. WILLIS. 1986. Syn-
chronous spawnings of 105 scleractinian
coral species on the Great Barrier Reef.
Mar. BioI. (Berl.) 90: 379-394.
BENEYAHU, Y, D. WElL, and Z. MALIK.
1992. Entry of algal symbionts into
oocytes of the coral Litophyton arboreum.
Tissue & Cell 24: 473-482.
CAMPBELL, R. D. 1974. III Cnidaria. Pages
133-139 in A. C. Giese and J. S. Pearse,
eds. Reproduction· of marine inverte-
brates, Vol. 1. Acoelomate and Pseudo-
coelomate. Academic Press, New York.
CHORNESKY, E. A., and E. C. PETERS. 1987.
Sexual reproduction and colony growth in
the scleractinian coral Porites astreoides.
BioI. Bull. (Woods Hole) 172: 161-177.
CONNELL, J. H. 1973. Population ecology of
reef-building corals. Pages 205-245 in O.
A. Jones and R. Endean, eds. Biology and
geology of coral reefs, Vol. 2. Biology.
Academic Press, New York.
GLYNN, P. W., S. B. COLLEY, C. M. EAKIN,
D. B. SMITH, J. CORTES, N. J. GASSMAN,
H. GUZMAN, J. B. DEL ROSARIO, and J. S.
FEINGOLD. 1994. Reef coral reproduction
in the eastern Pacific: Costa Rica, Panama
and Galapagos Islands (Ecuador). II.
Poritidae. Mar. BioI. (Berl.) ll8: 191-208.
HARRIOTT, V. J. 1983. Reproductive ecology
of four scleractinian species at Lizard Is-
land, Great Barrier Reef. Coral Reefs
2: 9-13.
HARRISON, P. L., and C. C. WALLACE. 1990.
Reproduction, dispersal and recruitment
of scleractinian corals. Pages 133-207 in
Z. Dubinsky, ed. Ecosystems of the world
25. Coral reefs. Elsevier SCience Publish-
ers, New York.
HUNTER, C. L. 1988. Genotypic diversity and
population structure of the Hawaiian reef
coral Porites compressa. Ph.D. diss., Uni-
versity of Hawai'i at Manoa, Honolulu.
---.1989. Environmental cues controlling
spawning in two Hawaiian corals: Mon-
tipora verrucosa and M. dilatata. Pages
727-732 in J. H. Choat, ed. Proceedings,
6th International Coral Reef Symposium,
Vol. 2. Townsville, Australia.
JOKIEL, P. L., R. Y ITO, and P. M. Lm. 1985.
Night irradiance and synchronization of
lunar spawning of larvae in the reef coral
Pocillopora damicornis (Linnaeus). Mar.
BioI. (Berl.) 88: 167-174.
Kons, B. L. 1986. Sexual reproduction in
Acropora (Isopora) (Coelenterata: Scler-
actinia). II. Latitudinal variation in A.
palifera from the Great Barrier Reef and
Papua New Guinea. Mar. BioI. (Berl.)
91: 3ll-318.
Kons, B. L., and N. J. QUINN. 1981. Aspects
of sexual reproduction and larval devel-
opment in the shallow water hermatypic
coral, Goniastrea australensis (Edwards
and Haime, 1857). Bull. Mar. Sci.
31: 558-573.
MARAGos, J. E. 1977. Order Scleractinia:
Stony corals. Pages 158-241 in D. M.
Devaney and L. G. Eldredge, eds. Reef
200
and shore fauna of Hawaii. Section 1:
Protozoa through Ctenophora. Bishop
Museum Press, Honolulu, Hawai'i.
RICHMOND, R. H. 1987. Energetic relation-
ships and biogeographical differences
among fecundity, growth and reproduc-
tion in the reef coral Pocillopora dam-
icornis. Bull. Mar. Sci. 41 : 594-604.
RICHMOND, R. H., and C. L. HUNTER. 1990.
Reproduction and recruitment of corals:
Comparisons among the Caribbean, the
tropical Pacific and the Red Sea. Mar.
EcoI. Prog. Ser. 60 :185-203.
RINKEVICH, B., and Y. LoYA. 1979. The re-
production of the Red Sea coral Stylo-
phora pistillata. I. Gcmads and planulae.
Mar. EcoI. Prog. Ser. 1: 133-144.
STIMSON, J. S. 1978. Mode and timing of re-
production in some' common hermatypic
corals of Hawaii and Enewetak. Mar.
BioI. (BerI.) 48: 173-184.
PACIFIC SCIENCE, Volume 54, April 2000
SZMANT, A. M. 1986. Reproductive ecology
of Caribbean reef corals. Coral Reefs
5: 43-54.
SZMANT-FROELICH, A. M., P. YEVICH, and
M. E. Q. PILSON. 1980. Gametogenesis
and early development of the temperate
coral Astrangia danae (Anthozoa: Scler-
actinia). BioI. Bull. (Woods Hole) 158:
257-269.
SZMANT-FROELICH, A. M., M. REUTTER, and
L. RIGGS. 1985. Sexual reproduction of
Favia fragum (Esper): Lunar patterns of
gametogenesis, embryogenesis and planu-
lation in Puerto Rico. Bull. Mar. Sci.
37: 880-892.
TOMASCIK, 1'., and F. SANDER. 1987. Effects
of eutrophication on reef-building corals.
III. Reproduction of the reef-building
coral Porites porites. Mar. BioI. (BerI.)
94:77-94.
.."•• ~'.... • - ,,' ,,'" ~., '. r • .,. ...,., ••
